Background. The objective of this simulation model was to assess the cost-effectiveness of different biological treatment strategies based on levels of disease activity in Spain, in patients with moderate to severe active RA and an insufficient response to at least one anti-TNF agent. Methods. Clinically meaningful effectiveness criteria were defined using DAS28 scores: remission and Low Disease Activity State (LDAS) thresholds. Monte-Carlo simulations were conducted to assess cost-effectiveness over 2 years of four biological sequential strategies composed of anti-TNF agents (adalimumab, infliximab), abatacept or rituximab, in patients with moderate to severe active RA and an insufficient response to etanercept as first biological agent. Results. The sequential strategy including etanercept, abatacept and adalimumab appeared more efficacious over 2 years (102 days in LDAS) compared to the same sequence including rituximab as second biological option (82 days in LDAS). Cost-effectiveness ratios showed lower costs per day in LDAS with abatacept (427 C) compared to rituximab as second biological option (508 C). All comparisons were confirmed when using remission criteria. Conclusion. Model results suggest that in patients with an insufficient response to anti-TNF agents, the biological sequences including abatacept appear more efficacious and cost-effective than similar sequences including rituximab or cycled anti-TNF agents.
Introduction
Rheumatoid arthritis (RA) is a chronic, disabling disease with considerable impact on patients' lives, their families, and the society as a whole. RA prevalence rates are considered to be around 0.3-1.2%, and epidemiological studies in Europe have shown intermediate prevalence rates, with slightly lower rates in Southern Europe [1] [2] [3] [4] . The estimated prevalence in Spain is 0.5%, with a women to men ratio in Spain estimated at 4 : 1 [5] . The incidence of RA increases with age [6] . Significant proportion of RA cases in the rural community remain undiagnosed despite patients' impaired functional status. In fact, diagnosed RA cases in the urban areas exceed those in the rural areas by 4 to 1 [5] .
Multiple factors complicate the clinical assessment of RA, including the progressive nature of the disease and different genetic and environmental factors, as well as variable levels of individual patients' responsiveness to available treatment options. In addition, there is a lack of clinical head-tohead trials evaluating different treatment regimens. Given the substantial economic burden associated with RA both in terms of direct treatment costs and indirect costs to society, data about the efficacy and cost-effectiveness of RA treatment regimens is of particular interest to physicians, public policy makers, and health care agencies.
Optimal treatment has been shown to reduce RA symptoms, disease progression, and joint damage. Joint destruction is known to lead to severe physical impairment and to potential orthopaedic surgeries. In particular, clinical variables such as disease activity and the severity of symptoms are predictors of orthopedic surgery. Geographic and socioeconomic variables are also independently associated with the rate of orthopedic surgery [7] . Hence, depending on the severity of the disease, different RA treatment strategies may lead to different outcomes and use of healthcare resources.
Nonsteroidal anti-inflammatory drugs, corticosteroids, or traditional disease-modifying antirheumatic drugs (DMARDs) are usually the first line of RA therapy. In Spain, RA patients typically show a moderate degree of disease activity despite the use of DMARDs. The proportion of extraarticular manifestations in Spanish patients with RA is similar to that found in other Mediterranean populations and lower than that reported in Northern Europe or North America [8] .
When DMARDs are no longer efficacious due to disease progression, or when patients experience serious side effects or have high inflammatory markers indicating an aggressive disease onset, biological agents may be considered. These options include antitumor necrosis factor (anti-TNF) agents such as etanercept (ETA), adalimumab (ADA), and infliximab (INF). The introduction of anti-TNF agents has set new standards in RA treatment. These agents not only reduce the signs and symptoms of the disease but they also reduce the radiographic progression. However, patients who are likely candidates for anti-TNF therapies usually have complicated clinical profiles. Unless they are treated for early RA to prevent disease progression, they also often present advanced stages of the disease [9] .
In clinical trials, anti-TNF agents have been efficacious, particularly in patients whose disease had failed to show improvement with prior DMARDs. However, as much as these targeted therapies have advanced the field of RA treatment, they also have limited efficacy. Only a small proportion of patients achieve 70% improvement according to the American College of Rheumatology (ACR 70) clinical response criteria, and remissions are exceedingly rare. Moreover, the percentage of patients who do not achieve even the lowest response (namely, an ACR20 response) amounts to 28-58% [9] . For patients who do not respond to anti-TNF therapy, new biological agents are now available in Spain, each showing a distinct and different mechanism of action from anti-TNF agents. They include abatacept (ABA) and rituximab (RTX).
Currently, Spanish patients with moderate to severe RA and an insufficient response (IR) to anti-TNF therapy can be treated with either ABA or RTX or be switched to another anti-TNF agent [10] . However, there are no randomized controlled studies which have assessed the efficacy of successive anti-TNF agents in patients with an IR to the previous agent. And while one Spanish observational multicentre study showed that RA treatment with ETA compared to INF and ADA reduced hospital costs [11] , there are no study in Spain which assessed the impact on health care resources and associated costs of using up to three biological agents. Comparative studies are scarce due to several factors: biological agents are still relatively new and the treatment of moderate to severe RA often requires multiple treatment strategies used sequentially. Moreover, such complex treatment strategies are almost impossible to reproduce in clinical trial settings.
Given the lack of head-to-head clinical trials, decision analytic models are useful to assess and compare expected effectiveness and costs of sequential RA biological strategies based on RA treatment cost estimates. A model is a mathematic formula linking different variables to generate results relevant to a given environment, such as local medical practices. Results generated by modelling approaches thus provide unique information on the expected effectiveness, overall costs, and cost effectiveness of different treatment strategies to assist clinical decision making as well as resource allocations decisions from public health officials.
This paper proposes an advanced modelling approach to evaluate the effectiveness, the costs and cost effectiveness of different sequential biological treatment regimens for managing moderate to severe RA in Spain, in patients with an IR to at least one anti-TNF agent. Using the perspective of the Spanish health care system, the model considers a target population of RA patients with an IR to anti-TNF therapy, clinically relevant effectiveness criteria based on levels of disease activity, local treatment patterns informed by Spanish experts' opinions, and estimated treatment costs associated with different treatment sequences. Similar approaches were published by Russell et al. [12] in Canada and Saraux et al. [13] in France.
Materials and Methods
The objective of this model was to simulate the costeffectiveness of sequential biological strategies according to medical practices in Spain in patients with moderate to severe RA and an IR to at least one anti-TNF agent. In the absence of studies assessing RA treatment costs by level of disease activity in Spain, RA direct medical costs were derived from a standard cost analysis performed with a panel of three expert rheumatologists from different Spanish districts. As suggested by similar approaches [12, 13] , three categories of disease activity were defined according to DAS28 (disease activity score 28) thresholds: remission (RS: DAS28 < 2.6), low disease activity state (LDAS: DAS28 ≤ 3.2), and moderate to high disease activity state (MHDAS: DAS28 > 3.2).
Resource utilization was estimated per 6-month intervals considering medical resource utilization items related to RA clinical management in Spain: rheumatologists and other specialist visits, general practitioner visits, laboratory tests, hospitalization, imaging, physiotherapy, surgery, medical transportation, and nursing. (Table 1 ) Unit costs from the national healthcare provider perspective were collected and simulated using distribution ranges for each item. A cost model was developed to compute the specific distribution of each resource item in order to calculate total medical X -R a yH a n d s / F e e t -- direct costs for each of the three disease activity categories. Biological drug costs and infusion costs were calculated and integrated separately in the model based on recommended dosing in Spain (Table 2) . Because the DAS28 score is an ordinal scale (not "cardinal" with equal grades), it was not possible to calculate cost-effectiveness ratios expressed in cost per unit of DAS28 score. Consequently, two dichotomous clinical endpoints were selected to reflect RA treatment targets, that is, to achieve LDAS or remission, or not (success/no success). Effectiveness estimates of biological therapies in anti-TNF inadequate responders are presented in Tables 3 and 4 and were derived from published clinical trials available at the time of model development, namely, the ATTAIN trial and long-term extension study for abatacept [14, 15] , the ReAct open label trial for anti-TNF agents [16] and for rituximab, the REFLEX trial and open-label extension analysis in anti-TNF inadequate responders [17, 18] . Given that retreatment intervals for rituximab are not well established, the model assumed a retreatment at 6 months for a sustained DAS28 response over time. Conservatively, the effectiveness of anti-TNF maintenance therapy at 24 months was modelled as being similar to using abatacept (ATTAIN trial). Hence, the percentage of patients achieving LDAS and RS at each simulated 6-month time points was used to populate the model over a 2-year time horizon. The overall effectiveness was expressed in expected number of days in LDAS and in RS for each treatment sequence.
Four simulation models were developed representing the 4 sequences of 3 biological agents over a two-year time horizon, namely, Sequence A: ETA-ABA-ADA, Sequence B: ETA-RTX-ADA, Sequence C: ETA-ADA-ABA, and Sequence D: ETA-ADA-INF.
Sequence A (Figure 1 ) thus simulates a cohort of RA patients with an IR to one anti-TNF agent (ETA) over the first 6 months. All IR patients are then switched to ABA and then to ADA in case of an IR to ABA. Likewise, Sequence B simulates the same patient population with an IR to one anti-TNF agent (ETA) over the first 6 months, after which all patients were switched to RTX and then to ADA in case of an IR to RTX. Sequence C simulates a cohort of RA patients with an IR to two anti-TNF agents (i.e., ETA during the first 6 months followed by ADA during the next 6 months). Then, all patients were switched to ABA. Sequence D simulates the same patient cohort of patients with an IR to two anti-TNF agents (ETA and ADA), then all patients were switched to a third anti-TNF agent (INF).
Since current medical practices and different treatment sequences are not explicitly documented in RA, simulation models represent the best approach for comparing these four strategies by taking into account costs and available clinical evidence. Monte Carlo simulations (using 5000 iterations of 
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Resource Utilization for RA Medical Management Over 6
Months. Direct medical costs (excluding biological therapies costs) were calculated according to three disease activity DAS28 categories: RS, LDAS, and MHDAS. Direct medical treatment costs over 6 months were estimated at 295 C (SD = 92) for patient in RS, 350 C (SD = 7) for patient in LDAS and 6,135 C (SD = 1279) for patient in MHDAS (Figures 2(a) , 2(b), and 2(c)). Hence, achieving LDAS or remission was associated with lower medical costs. Higher direct medical costs for patients in moderate to high disease activity reflect the higher use of health care services. Key costs drivers were mainly due to physiotherapy and hospitalization (Table 1) .
Effectiveness and Cost-Effectiveness over 2 Years.
Effectiveness and cost-effectiveness results over 2 years are summarized in Table 5 .
Achieving Remission.
Sequence A, which represented the use of abatacept after an IR to one anti-TNF agent (ETA), appeared significantly (P < 0.01) more efficacious over 2 years (52 days in RS) when compared to a similar Sequence B which included rituximab (33 days in RS). Corresponding mean cost-effectiveness ratios showed significantly lower costs (P < 0.01) per day in remission for Sequence A which included abatacept after an IR to one anti-TNF agent (846 C), as compared to Sequence B which included rituximab (1301 C). Should the incremental cost-effectiveness ratio (ICER) be considered to compare Sequence A versus Sequence B, then the ICER would be estimated at 84 C per additional day in remission. The ICER is another way to present the results and is calculated by dividing the difference in overall treatment costs between Sequence A and Sequence B, by the difference in overall effectiveness between Sequence A and Sequence B (expected number of days in remission). However, contrary to the mean cost-effectiveness ratio, the ICER does not allow to compare the different sequences to determine which one appears to be the most cost-effective. Sequence C which represented the use of abatacept after an IR to two anti-TNF agents (ETA and ADA) appeared significantly (P < 0.01) more efficacious over 2 years (22 days in RS) compared to a similar Sequence D which included a third anti-TNF agent (INF) (10 days in RS). Corresponding mean cost-effectiveness ratios showed significantly lower costs (P < 0.01) per day in remission for Sequence C which included abatacept after two anti-TNF agents (2489 C) compared to Sequence D which used three successive anti-TNF agents (4568 C).
Achieving LDAS.
Sequence A representing the use of abatacept after an IR to one anti-TNF agent (ETA) appeared significantly (P < 0.01) more efficacious over 2 years (102 days in LDAS) compared to a similar Sequence B which included rituximab (82 days in LDAS). Corresponding mean cost-effectiveness ratios showed significantly lower costs (P < 0.01) per day in LDAS for Sequence A which included abatacept after an IR to a first anti-TNF agent (427 C) compared to a similar Sequence B including rituximab (508 C). The ICER between Sequence A versus Sequence B is estimated at 91 C per additional day in LDAS.
Sequence C representing the use of abatacept after an IR to two successive anti-TNF agents (ETA and ADA) appeared significantly (P < 0.01) more efficacious over 2 years (64 days in LDAS) compared to Sequence D, which included a third anti-TNF (INF) (32 days in LDAS). Corresponding mean cost-effectiveness ratios showed significantly lower costs (P < 0.01) per day in LDAS in Sequence C, including abatacept after two anti-TNF agents (729 C), as compared to Sequence D using three successive anti-TNF agents (1352 C).
Discussion
RA is a complex disease whose clinical progression is highly dependent on environmental and genetic factors, as well as on the sequence of different treatment options. Moreover, questions remain regarding the optimal sequencing of biological agents due to a lack of head-to-head randomized control trials to compare different sequential strategies. The implementation of such complex and costly experimental multiarms longitudinal studies also prove to be impractical.
This explains why the field of RA management has recently seen a proliferation of modelling approaches to assess the cost-effectiveness of different treatment strategies [12, [19] [20] [21] . In particular, simulation modelling allows to examine the potential benefits of different treatment strategies used sequentially to assist decisions regarding those that are shown to be effective and cost-effective. As robust models typically use validated assumptions and published clinical evidence, modelling is also convenient to evaluate long-term consequences in terms of effectiveness and costs [22, 23] .
Because so much of the model's conclusions rest on the effectiveness criteria, special attention should be paid to the selection of objective and relevant clinical outcomes. Two aspects of the present model warrant special discussion, namely, the treatment intervals and the outcome measures. The model allows a decision to switch biological therapy at each 6-month time point in case of an IR to the previous biological agent. This is because most clinical trials report clinical efficacy every 6 months and because a decision to switch biological therapy at 6 months in case of an insufficient response also reflects common medical practice. As for rituximab, retreatment intervals are not well defined and RA symptoms have been reported to reappear between treatment courses, which may lead to a fluctuating DAS28 response over time. As this simulation model is based on achieving and maintaining a LDAS or remission at each 6-month time point, rituximab retreatment intervals were set as 6 months in responders. This corresponds to the rituximab US product monograph indicating that most of the RA patients who received additional courses in clinical trials did so 24 weeks after the previous course and none were retreated sooner than 16 weeks.
Since the ultimate RA treatment objective is to achieve LDAS or remission and to maintain such response over time, we chose these levels of disease activity as the most meaningful effectiveness endpoints for this cost-effectiveness analysis. However, such as the HAQ score, the DAS28 score is based on an ordinal scale. It would then be methodologically incorrect to calculate cost-effectiveness ratios expressed as cost per unit of DAS28 or cost per unit of HAQ, even though such approaches using the HAQ have been published [21] . In order to avoid this limitation of scale metric properties, we chose to use a "success/no success" dichotomous criteria based on achieving remission or LDAS according to welldefined DAS28 therapeutic success thresholds. Not only is this approach methodologically robust when dealing with an ordinal scale, but it is also more clinically meaningful to physicians, as compared to cost-utility models which express results in QALYs (quality-adjusted life years gained). As costutility assessments are also presented as "cost-effectiveness" analyses, they use the QALY as subjective effectiveness measure [24] [25] [26] [27] . While of theoretical interest, there is however an active scientific debate regarding the objective validity and reliability of the cost-utility (QALY) method [24, 28, 29] . The key concern is that varying some of the assumptions used to derive the QALY may lead to widely divergent and inconsistent results [24, 29, 30] . This is also explained by the fact that different utility instruments (such as, the HUI, EQ5D (EuroQol), and SF-6D questionnaires) may lead to utility scores which are statistically significantly different in RA patients [31, 32] . Given the variety of existing utility measurements, interpretation of cost-utility results expressed in cost per QALYs should be done with considerable caution. We believe that more objective criteria-such as evidencebased clinical outcomes-represent a more reliable measure for assessing innovative RA treatments. Since the DAS28 response has a prognostic value for joint damage over time [33] , we chose it as a relevant outcome criterion. However, the improvement in quality of life also being of paramount importance when treating RA, this clinical improvement must be considered as a specific clinical outcome.
Conclusion
These results derived from simulation models offer useful additional information to assist decision making. While they are not meant to supplant treatment guidelines nor to replace further clinical evidence, simulation models nonetheless represent a promising approach to compare complex treatment strategies in chronic diseases such as RA.
Considering the Spanish healthcare perspective and levels of disease activity, this analysis shows that a biological sequence strategy using abatacept after an insufficient response to one anti-TNF agent appears to be more effective and cost-effective versus a similar sequence using rituximab and that a biological sequence using abatacept after an insufficient response to 2 anti-TNF agents appears to be more effective and cost-effective than a similar sequence using anti-TNF agents only.
